In order to verify possible preferential prey selection by Desmodus rotundus feeding on domestic herbivores in the Municipality of São Pedro (São Paulo, Brazil), vampire bat attacks were surveyed at rural properties where domestic herbivores were being raised and attack frequencies of D. rotundus on the total herd and on different species were calculated. The analysis found that the most frequently attacked herbivores were cattle and horses. The chi-square test (χ 2 ), with a significance level of 5% corroborated the comparative analysis of attack frequency in properties that had these two species. Of the two, horses were attacked more frequently, which could be a sign that D. rotundus exhibits preferential prey selection when attacking domestic herbivores. This evidence is also supported by the Optimal Foraging Theory, in which the net rate of energy consumed is higher for horses than it is for cattle. Additionally, we propose that the thinner integument of horses (relative to that of cattle) may facilitate bites by D. rotundus and thus contribute to the observed prey preference.
Introduction
The vampire bats belong to the order Chiroptera, family Phyllostomidae, subfamily Desmodontinae. The family Phyllostomidae is an endemic clade to the New World, widely distributed from the Southwest of the United States of America (Hall, 1981; Patten, 2004) to the North of Argentina (Barquez et. al., 1999; Reis et al., 2007) .
The bats belonging to the subfamily Desmodontinae are distinguished from other species of Neotropical bats by the rudimentary nature of the nose-leaf, the lack of a tail, and a reduced uropatagium. Additionally, the limbs are sturdy and well developed and the thumbs are elongated. These adaptations are related to the quadrupedal locomotor ability of Desmodus during walking, jumping and climbing. (Altenbach, 1979; Greenhall et al., 1983; Riskin et al., 2006) .
The Desmodontinae includes three genera: Desmodus, Diaemus and Diphylla; and three hematophagous, sympatric and monotypic species: Desmodus rotundus, Diaemus a youngii and Diphylla ecaudata. D. rotundus feeds on a wide range of prey, because this species is far more generalist than the other two vampire species (Gardner, 1977; Costa and Esbérard, 2011) Desmodus rotundus is a strictly hematophagous species (Gardner, 1977; Brass, 1994; Mayen, 2003) , being considered a predator and also a classical obligate parasite (Turner, 1975) . Survival and reproduction of all animals are only possible when there is availability of usable energy. For predators to capture the largest number of prey, they have developed specific strategies. The set of strategies used by an individual to find, capture, subdue, swallow and counteract the defense mechanisms developed by the prey is named "foraging" (Pough et al. 2003) .
In foraging activity, when potential prey are identified, predators need to make decisions. These decisions can be analysed by humans in terms of costs and benefits, and it takes into account physiological aspects (hunger, satiation and energy cost) and environmental aspects (presence or absence of potential predators and habitat quality, which is ascertained according to the available quantity of prey) (Chaves and Alves, 2010) .
For the appropriate measure of "efficiency" on foraging behaviour, the net rate of consumed energy is generally employed -i.e., the amount of energy obtained per time unit, after having considered the energy used by the predator in the foraging activity. The expression optimal foraging is used for behavioural patterns that have been particularly favoured by natural selection, and it is admitted that they have been favoured due to yielding the highest net rate on energy gain (Townsend et al., 2006) .
The diet amplitude is one of the categories of analysis of Optimal Foraging Theory, once it considers the variation range of food types consumed by a predator. To obtain food, any predator must have time and energy costs: firstly in the search for prey, and, afterwards, in prey manipulation (that is, chasing, subjugation and ingestion). During the search, a predator is likely to find a wide variety of food items. Diet amplitude, therefore, depends on the predator response, once they have found their prey. The generalists, those with broad diet, chase a large proportion of types of prey they find. Specialists, those with a strict diet, continue the search until they find their preferential prey (Townsend et al., 2006) . MacArthur and Pianka (1966) were concerned with the breadth of diet that natural selection could favour if the animal were optimally fed. Their basic approach for optimum use of time and energy relates to a higher net energy gain on foraging activity. Certain food types have lower capture and consumption costs than others, regarding gained food energy. Thus, such food items can be ranked from most to least fruitful, according to the net energy return they provide. The optimal foraging theory proposes the possibility of a forager to learn (by trial and error) which type of food is more difficult to be found and handled. It is considered that during the search for food, prey species are discovered in the proportion as they occur. Valuable items are always included in the animal's diet when found, as the least valuable items will be included or excluded from the diet, according to the variation of valuable prey availability (Turner, 1975; Townsend et al., 2006) .
Variables of the optimal foraging theory, related to the predator investment in searching and handling the prey, can be represented by the following symbols: s1, search time for the most valuable prey; h1, handling time for the most valuable prey; and E1, energy content of the most valuable prey. Handling time for the least fruitful prey is h2, and its energy content is E2. The most valuable prey (E1), once found, will always be included in the predator's diet. However, the least valuable prey will only be included in the animal's diet if the most valuable prey is scarce, and the search time is too long. This can be represented by the equation E2/h2 ≥ E1/(s1 + h1) (Krebs, 1996; Townsend et al., 2006) . MacArthur and Pianka (1966) and Emlen (1966) predicted that animals will be more selective in their diets when food is common and less selective when food is rare. The behaviour of D. rotundus seems to support this prediction. D. rotundus does not only select domestic hosts over wild hosts. It also prefers particular types of cattle breeds, particular age and sex class, and individuals in a particular reproductive status (Turner, 1975; Voigt and Kelm, 2006; Bobrowiec, 2008) .
In this sense, are the bats actually selecting or preferring one type of prey over another, or are they merely feeding of available animals only (the ones that are exposed)? A number of observations point to a process of preference or selection. Greenhall (1972) observed that when a variety of hosts is present, the vampire bat is selective; although, when only the least preferred host is available, vampire bats may attack them severely (Turner, 1975; Voigt and Kelm, 2006) .
Based on these premises, the present study aims to provide information on the foraging behaviour of Desmodus rotundus.
Material and Methods

Study area
This study was conducted during 2002 in the rural zone of the Municipality of São Pedro, state of São Paulo, located at a longitude of 47° 45'00" West and latitude 22° 42' 00" South, in an area of approximately 62,000 ha, with altitudes ranging between 450 and 900 metres. The hydrography of this municipality is composed of the Piracicaba river, which forms the southern border with the Municipality of Piracicaba, in addition to the Pinheiros and Espraiado streams, and the small Samambaia river.
Data collection and analysis
We have researched all rural properties where domestic herbivores were raised (cattle, horse, pig, goat and sheep) in the Municipality of São Pedro -SP, totalling 80 properties. Interviews were performed with employees or proprietors of these farms, for collection of data about the number and species of animals present at the properties and the number of attacked animals.
After data collection, the attack frequency of D. rotundus was calculated, considering the total herd and the different domestic herbivore species. Based on the frequency data, it was possible to verify which species were attacked more often. After that, we compared the attack frequencies in properties where there were two of the most often attacked species, in order to confirm that there was some attack preference of D. rotundus for these species. For this analysis to be carried out, the chi-square test was performed, which is a measure of discrepancy between observed and expected frequencies, with a significance level of 5%.
Results
Registration of properties, composition of the exposed herd and number of attacked animals are evidenced in Table 1 .
The total herd of the municipality was 12,685 animals: 89.98% were cattle (11,414 animals), 4.78% were horses (607), 4.35% were pigs (552), and 0.88% were small ruminants (111 sheep and one goat). Table 1 . Registration of properties, composition of the exposed herd and number of attacked animals. ID = property identification, EC = existing cattle, AC = attacked cattle, EH = existing horses, AH= attacked horses, EP = existing pigs, AP = attacked pigs, ESG = existing sheep and goats, ASG = attacked sheep and goats, TEA = total exposed animals, TAA = total attacked animals. 66  0  0  3  2  24  0  0  0  27  2  FZ AURORA  67  176  5  5  5  0  0  0  0  181  10  FZ MONJOLINHO  68  180  3  3  0  0  0  0  0  183  3  SITIO TORRÃO DE OURO  69  40  1  2  0  3  0  0  0  45  1  FAZENDINHA  70  80  5  5  2  0  0  0  0  85  7  SITIO JACAREPUPIRA  71  20  3  2  2  12  0  0  0  34  5  CHACARA 3 IRMÃOS  72  1  1  2  2  20  0  0  0  23  3  SITIO AGUA BRANCA  73  35  3  2  0  1  0  0  0  38  3  FZ FLORESTAL  74  0  0  2  2  0  0  0  0 During our study, we verified that 530 animals were attacked , or 4.18% of the entire herd. There was no record of attacks on small ruminants. The cattle species showed the highest number of attacked animals (343), followed by horses (174) and pigs (13), representing, respectively, 64.47%, 32.83% and 2.44% of the total logged attacks.
PROPERTY
By calculating the attack percentage of Desmodus rotundus on each individual herd (cattle, horse, pig and small ruminants), we determined that horses suffered the highest percentage of attacks, with 28.66% of the herd attacked, followed by cattle, with 3.00% and pigs, with 2.35%. These data are summarised in Table 2. Data from Table 2 showed that the population of D. rotundus in the Municipality of São Pedro -SP presented a preference of foraging for horses, because there was significant discrepancy between the expected and the observed attack frequency on equine and bovine herds, which was proven by applying the chi-square test (p < 0.05).
In order to verify whether this preference could be explained through the Optimal Foraging Theory, we have compared the energy values (E) and handling time (h) for the two most often attacked species. In order to compare the energy values of prey, we have used the normal levels of glucose on blood of cattle and horse, as described in Table 3 and 4. In order to compare the handling time of prey (h), we have verified the thickness of cattle and horses integument, because a thinner integument would facilitate the incision of Desmodus rotundus, thus reducing the prey handling time.
The thickness of the horse integument varies between 1 and 5 mm on different body areas, being thicker upon the insertion of the mane and the dorsal surface of the tail. The thickness of bovine integument is higher than of any other domestic animals; it generally has between 3 and 4 mm, reaching 5mm at the base of the tail and the tip of the hock, and between 6 and 7 mm at chest height (Getty, 2008) .
Discussion
The low rate of attacks on pigs and the absence of attacks on sheep and goats is not an unexpected finding. Turner (1975) , in his studies in Costa Rica, reports that, although sheeps and pigs are occasionally attacked by vampire bats, the frequency is sufficiently low for excluding these domestic animals from his examinations. The vampire bats in Costa Rica have primarily attacked cattle and horses, as it was found in our study.
It has been frequently supposed that vampire bats have nowadays a richer supply of blood from domestic animals than autochthonous wild life would have provided them (Dalquest, 1955; Greenhall, 1968; Costa and Esbérard, 2011) . The theoretical model here discussed predicts that the higher the absolute abundance of food, the narrower the range of diet items. In other words, the greater the availability of food, the greater the predator selectivity. Therefore, if D. rotundus can be seen as highly selective with various types of domestic animal herds, predictions of the foraging model can be maintained (Turner, 1975) . This author reports that, in his research in Costa Rica, horses were the most attacked species; however, a total population of 30 to 35 horses was insufficient for serving as focus for his 15-month study. This way, he chose the large cattle population in order to evaluate prey preferences of the vampire bat and the potential bases for these preferences, such as age, sex, reproductive status and location of the prey in the herd.
In the Municipality of São Pedro, 12 out of the 80 researched properties had only horses, and five had only cattle; the remaining 63 had both. This implies that at these 63 properties, both herds represented the same search time (s1) for D. rotundus, because they are within the same distance from the bat shelter. By analysing the attack frequency on cattle and horse, it is possible to verify a higher attack percentage on horses in 54 out of the 63 properties -that represents 85.71% of the properties in which cattle and horses are raised; the number of logged attacks on horses was proportionally higher.
Using MacArthur and Pianka's (1966) Optimal Foraging Theory, and comparing energy values (E) and handling time (h) for each species, it is possible to notice that the energy value of horse blood is higher than it is for cattle blood, because it presents higher blood glucose (Tables 3  and 4 ). For D. rotundus, the handling of equines appears to be simpler, due to the lower thickness of the horse integument, in comparison to cattle integument, which may facilitate the incision of the bat. Dalquest (1955) and Linhart, Crespo and Mitchell (1972) have also discovered that vampire bats in Mexico prefer calves to adult cattle; skin thickness may influence this preference (Turner, 1975) .
Handling of beef cattle, hampers the detection of wounds caused by D. rotundus (for being performed in an extensive form), because the cattle stays most of the time in the pasture, away from direct contact with handlers or the owner. By the fact that the herd of the Municipality of São Pedro is composed of 90% cattle, and due to the extensive breeding system, detected attacks of D. rotundus on beef cattle may have been underestimated by handlers; the total attacks percentage on the cattle herd could exceed 3%. However, even if this possibility is considered, the attack frequency is much lower than the 28.66% reported for the equine herd. Further studies are suggested, under controlled conditions, in order to obtain a better understanding of the foraging behaviour of D. rotundus, including evidence of the bat's preferential prey among domestic herbivores.
